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Title: A capacitor device formed on a substrate, integrated circuit 

comprising such a device and method for manufacturing a capacitor 
device. 



The invention relates to a capacitor device formed on a substrate and an 
integrated circuit comprising a capacitor device. 

From the United States patent publication 5 939 766 a capacitor device 
is known. The capacitor is formed on an isolating layer formed over a 
5 semiconductor substrate. The capacitor comprises a first layer of metal 

patterned to form a plurality of first conductors each having two ends and a 
length there-between. A first connecting electrode is connected to one end of 
each of the first conductors. Each of the first conductors is electrically isolated 
from the other first conductors except for the connection formed with the first 

10 connecting electrode. The capacitor further has a plurality of second 

conductors each having two ends and a length there-between and a second 
connecting electrode connected to one end of each of the second conductors. 
Each of the second conductors is electrically isolated from the other conductors 
except for the connection formed with the second connecting electrode. The 

15 second conductors are arranged such the plurality of first conductors and the 
plurality of second conductors are interdigitated. On top of the first layer, an 
electrically isolating layer is deposited. On top of the electrically isolating layer 
a second layer of metal is positioned, which is consequently electrically isolated 
from the first layer. The second layer is similar to the first layer and comprises 

20 first and second conductors arranged in an interdigitated manner. The 

conductors of the second layer are placed such that the first conductors in the 
first layer face second conductors in the second layer and vice versa. 

However, a disadvantage of this known capacitor device is that control 
and thus reproduction of the capacitor characteristics is difficult. The 

25 properties of the known capacitor device are for a significant part determined 
by the distance between the conductors in a direction perpendicular to the 
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substrate. This distance is difficult to control. Especially the distance between 
the first and second layers, and thus the distance between the conductors in 
the first layer and the conductors in the second layer is difficult to control, 
because of the topography or 'roughness' of the deposited layers. As is 
5 generally known in chip processing, the surface of each layer is not an ideal 
plane, but has a certain roughness. This roughness increases with the amount 
of material deposited on the substrate. Hence, the distance between the layers 
is different to control. 

It is therefore a goal of the invention to provide a capacitor device with 
10 better controllable characteristics. In order to achieve this goal, the invention 
provides a capacitor device according to claim 1. 

The topography of layers deposited on the substrate has little influence 
on the characteristics of the capacitor, since the capacitor surface mainly 
extends in a direction non-parallel to the layers. Thus the thickness of the 
15 layers and/or the distance between the layers, does not influence the position 
of the capacitor surface. Thus, the characteristics are better controllable. 

The invention further provides an integrated circuit according to claim 

13. 

It should be noted that from H. Samavati et al, 'Fractal capacitors 1 , 
20 IEEE journal of solid-state circuits, vol. 33, no. 12, december 1998, 2035-2041, 
a linear capacitor using fractal geometries is known. In this paper, a linear 
capacitor structure has been introduced that uses lateral flux as well as 
vertical flux to achieve high capacitance per unit area. The structure exploits 
cross-connected metal layers with a fractal border. The metal layers extend in 
25 parallel to the substrate. However, the distance between the metal layers in 
the direction transverse to the substrate is difficult to control and hence the 
characteristics of the capacitor structure. 

Furthermore, from the United States patent publication 5 208 725, a 
high capacitance structure in a semiconductor device is known. In the 
30 structure described in this '725 publication, two layers of conducting metal 
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strips are formed upon a semiconductor substrate and an isolating layer. The 
first layer is formed by two sets of strips. The strips are arranged alternately 
in parallel to each other. Above and separated from the first layer of 
conducting strips by an isolating layer, is a second layer of two sets of 
5 conducting strips. The conducting strips in the second layer, respectively, 

overlie the conducting strips of the first layer. This high capacitance structure 
has the same disadvantage as the capacitor device known from the 766 
publication. 

Also, from the United States patent publication 5 583 359, a capacitor 

10 structure for an integrated circuit is known. This prior art capacitor structure 
comprises an isolation layer having formed thereon a first electrode defined by 
a part of a first layer of conductive metallisation; a layer of capacitor dielectric 
formed thereon provided by part of a first interlayer dielectric; a second 
electrode defined by part of a second layer of conductive metallisation and 

15 overlying the first electrode. In one embodiment, each electrode comprises a 
main portion defining a plurality of elongate elements, i.e. fingers, each of 
which are interconnected at one end to form a comb like structure. The fingers 
are arranged in an interdigitated configuration. This capacitor structure also 
has the disadvantages of the capacitor device known from the 766 publication. 

20 Specific embodiments of the invention are set forth in the dependent 

claims. Further details, aspects and embodiments of the invention will be 
described with reference to the figures in the attached drawing. 

Fig. 1 schematically shows a cross-sectional view of an example of a first 
embodiment of a capacitor device according to the invention. 

25 Fig. 2 schematically shows a cross-sectional view of an example of a 

second embodiment of a capacitor device according to the invention. 

Fig. 3 schematically shows a cross-sectional view of an example of a 
third embodiment of a capacitor device according to the invention. 

Fig. 4 schematically shows a top view of an example of a capacitor device 

30 according to the invention with parallel layers. 



WO 03/103029 



PCT/NL02/00358 



Fig. 5 schematically shows a top view of an example of a capacitor device 
according to the invention with pillar shaped conductors. 

Figs. 6-8 schematically illustrate by way of a cross-sectional view of an 
example of a capacitor device according to the invention successive stages of a 
5 manufacturing process. 

In this application the words 'including' and 'comprising' are used as 
meaning: 'having but not limited to\ 

The example shown in fig. 1 of a first embodiment of a capacitor device 
according to the invention, comprises first conductors 21,22 and second 

10 conductors 26,27. The first and second conductors protrude with respect to the 
surface 11 of a substrate 1, i.e. the conductors 21,22,26,27 are positioned in a 
non-parallel direction with respect to said surface. The conductors each have 
at least one capacitor surface. In fig. 1 the capacitor surfaces of the first 
conductor 21 and the second conductor 26 are denoted with the numbers 210 

15 and 260 resp. The capacitor surfaces from the first conductors face the 
capacitor surfaces from the second conductors and vice versa. The first 
conductors 21,22 are connected to each other via a first connecting electrode 
40. The second conductors 26,27 are connected to each other via a second 
connecting electrode 41. 

20 The first conductors 21,22 are electrically isolated from the second 

conductors 26,27, in the shown example by an intermediate space 3 between 
the capacitor surfaces. The intermediate space 3 is filled with a material 
having a lower electrical conductivity than the material of which the first and 
second conductors 21,22,26,27 are made, such as for example air or silicon- 

25 oxide. The intermediate space may also be empty, that is be a vacuum, as is 
shown in fig. 1 between the surfaces 210,260 of the conductors 21 and 26. 
Thus, the conductors 21,22,26,27 constitute the plates of a capacitor. In the 
shown example, the intermediate space 3 also extends between the first and 
second conductors and the surface 11 of the substrate 1 and thus electrically 

30 isolates the conductors 21,22,26,27 from the substrate 1. 
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In the example of fig. 1, the first conductors and the second conductors 
extend in a direction substantially perpendicular to the substrate. Thereby, 
the distance between the conductors is little dependent on the topology of the 
layers deposited on the substrate. Hence, the characteristics of the capacitor 
5 are little dependent on the topography of the layers deposited on the substrate 
and are therefore better controllable and reproducible. 

Furthermore, because of the alternating arrangement of first conductors 
and second conductors, the capacitive density is high, since each side of a 
conductor of one type facing a conductor of the other type acts as a surface of a 
10 capacitor plate, so in the shown example each of conductors 22 and 26 acts as 
two capacitor plates. 

Also, a capacitor device according to the invention occupies a small 
amount of substrate area, especially compared to a capacitor with conductor 
plates in parallel with the substrate surface. Therefore, a capacitor device 
15 according to the invention is cheaper than such a known capacitor, since one of 
the main factors in the costs of an integrated circuit device is the amount of 
substrate area occupied. 

In fig. 1, the first connecting electrode 40 and the second connecting 
electrode 41 comprise a strip of electrically conducting material. This may for 
20 example be the same material as the material the first conductors and/or the 
second conductors are made of. Thereby, manufacturing the electrodes does 
not require extra processing, since the connecting electrodes can be 
manufactured in the same process as the first conductors and/or second 
conductors. In use, a voltage difference may be applied between the first 
25 conductors 21,22 and the second conductors, 26,27 via the electrodes 40,41. 

In the example of fig. 1, each of the connecting electrodes 40,41 connects 
all the conductors of one type to each other. In use, the voltage difference 
between the first conductors and the second conductors is therefore 
substantially the same for all conductors. However, it is likewise possible to 
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connect the conductors of one type to different voltage sources via separate 
electrodes. 

Often, in chip manufacturing processes, such as for example processes 
with a deep-submicron resolution, a multiple of interconnect layers is 
5 deposited on top of a substrate to obtain electrical interconnections to for 
example transistor contacts. The interconnect layer comprises parts of a 
conducting material, such as a metal, which make the desired connection. 
Such a conducting part in an interconnect layer is also known as an 
interconnect. The paths of conducting material are separated by a suitable 
10 isolating material, such as siliconoxide. In the art, an interconnection formed 
by a multiple of interconnect layers is known as a multilayer interconnect. 
Integrated circuits obtained by a manufacturing process in deep-submicron 
technology with interconnect layers usually contain six or more interconnect 
layers. 

15 In the example of fig. 2, each of the first conductors 21,22 and second 

conductors 26-27 extends through a number of interconnect layers 211-214. 
The interconnect layers 211-214 are separated by interlayer dielectrics 221- 
223. The conductors are formed by the paths of conducting material in 
different interconnect layers which are connected to each other at the desired 

20 location of the conductor. Thus, the conductors 21,22,26,27 are similar to 

multi-layer interconnects. Outside the conductors 21,22,26,27 the interconnect 
layers are of an electrically isolating material, so the different conductors are 
electrically isolated from each other, except for the electrodes connecting the 
conductors of one type to each other. 

25 In general, the distance between the interconnect layers is relatively 

large compared to the distance between the interconnects in one interconnect 
layer. The conductors formed by connected interconnects thus have a large 
area and may be positioned close to each other. Thus, a large capacitor surface 
is obtained on a small chip area when the conductors are formed by connecting 

30 interconnect layers and hence a high capacitive density is obtained. 
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Furthermore, in case the conductors in the capacitor are made from the 
conducting parts in the interconnect layers the capacitor and the interconnects 
may be obtained in the same process. Therefore, no extra processing is 
required in the manufacturing of the capacitor device. Thereby, the costs of the 
5 device are reduced. 

The conductors may be made from interconnects extending through one, 
two, three, four, five, six or more interconnect layers. The larger the number of 
layers, the larger the capacitor area will be, and thus the higher the capacitive 
density will be. In fig. 3, an example of a capacitor is shown with a varying 

10 distance between of the columns, i.e. the surfaces of the first and second 
conductors are placed at a non-zero angle with respect to each other, as is 
indicated with dotted lines A. Like the example of fig. 2, the conductors 21-24 
are formed from (metal) interconnects extending through interconnect layers 
211-214. In practice, the lower metal layers may usually be placed much closer 

15 together than the thicker upper metal layers because of the increase of the 
topography after each processing step. In the art, the topography is the 
'roughness' of the surface of the deposited layers. As is generally known in the 
art, the roughness increases with each deposited layer. The increase in 
topography effectively results in capacitor plates, e.g. the surfaces of the first 

20 conductors and the second conductors, extending under an angle smaller than 
90 degrees with respect to the substrate, as is indicated in fig. 3 with dotted 
lines A. 

The first and second conductors in a capacitor device according to the 
invention may have any shape appropriate for the specific implementation. For 
25 example, as is shown in fig. 4, the conductors may be shaped like a plate, that 
is, have a length and height which are substantially larger than the thickness 
of the conductors. In fig. 4, the conductors are shaped like straight plates, 
however they may likewise be curved, wobble shaped or otherwise. Likewise, 
the conductors may be shaped like pillars, as is illustrated in fig. 5. 
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In fig. 4 a top-view of an example of a capacitor according to the 
invention is shown. In fig. 4 first conductors 21-25, and second conductors 26- 
29 are placed in alternating order. The first conductors are connected to each 
other via an electrode 40, which lies at one end of the conductors. At the other 
5 end, the first conductors are not connected to each other. The second 

conductors are connected to each other via a second connecting electrode 41, 
which is connected to the second conductors at an end of the second conductors 
remote from the first connecting electrode. Thus, seen from the top view, the 
capacitor device comprises two comb-like structures of which the teeth are 

10 placed between each other, i.e. the conductors are interdigitated. 

In the example of fig. 4, the first conductors 21-25 and the second 
conductors 26-29 are positioned substantially parallel to each other. The first 
conductors may also be placed in a non-parallel direction with respect to the 
second conductors. Also, some of the first conductors, or some of the second 

15 conductors, may be non-parallel with respect to the other first conductors or 
second conductors. 

Fig. 5 shows a top-view of an example of a capacitor device according to 
the invention with pillar shaped conductors. In the example of fig.5, the first 
conductors 21-25 and the second conductors 26-29 are placed in an alternating 

20 manner, like a checkerboard. The first conductors 21-25 are connected to each 
other via the first electrode 40. The second conductors 26-29 are connected to 
each other via a second electrode 41. In the example, the second electrode 41 is 
electrically isolated from the first electrode 40 and lies on top. The electrodes 
40,41 each extend in a single interconnect layer. Because of the checkerboard- 

25 like positions of the pillar-shaped conductors 21-29, the capacitance of the 

capacitor is high, since each conductor of one type faces more conductors of the 
other type. For example the first conductor 23 is surrounded by four second 
conductors 26-29. Hence the capacitor area and capacity of the capacitor device 
of fig. 5 is high. 
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The capacitance of a capacitor device according to the invention may be 
calculated from the equation. 

c- v .j 

where C is the total capacitance, o and r are the dielectric constants, A 
5 is the total area of the capacitor and d is the distance between the plates of the 
capacitor. The total area A of the capacitor is defined as length*height*number 
of conductors. For example, using dielectric constants o=8,9e-12, r =4, a 
surface area A of 13xl0nmx4.1|Lim (this is equal to 13 stripes of lOjom length 
and 4.1um height, only the first four metal interconnect layers being used) and 

10 d=0.4nm, gives a capacitance of 47.4 fF (femto Farad) or 0.47 fF/|im 2 . 

Layout-extraction for such a layout may further increase the value to 
47.76 fF. Layout-extraction is a method wherein after drawing a layout of a 
device, the total capacitance between any node in the layout is calculated. The 
parasitic capacitances (from capacitor-nodes to ground) are below 7% of the 

15 nominal capacitance value. Current processes have parasitic capacitances 

ranging from 5% to 20%. Using six instead of four interconnect layers gives an 
extracted capacitance of 0.63 fF/um 2 . The capacitance density in a process with 
an increased resolution, such as for example a 0.13nm MOS process , results in 
an even higher capacitance density. Using r =3.6, A=13xl0|im x2.35^im (13 

20 stripes of lO^im length and 2.35^im height, four interconnect layers used) and 
d=0.2|im gives a capacitance of 48.9 fF or 0.489 fF/um 2 . 

A capacitor device according to the invention may be manufactured in 
various ways. An example is illustrated in figures 6-8. First, a first isolating 
layer 31 is deposited on a substrate 1. On top of the first isolating layer 31 a 

25 first interconnect layer is deposited. After the deposition of the first metal 
interconnect layer, a number of separated pillars 231-234 is formed, for 
example by etching the first metal interconnect layer or removing unexposed 
photo-resist by means of an appropriate solvent. Thereafter a second isolating 
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layer 32 is deposited. Fig. 6 shows an example of a capacitor device before the 
deposition of the second isolating layer 32. 

Fig. 7 shows the capacitor device after deposition of the second isolating 
layer. After deposition, the isolating layer 32 partiaDy removed, for example by 
5 locally etching the material, to obtain open spacings from the surface of the 
isolating layer 32 to the pillars 231-234 which are to form the conductors of the 
capacitor device. 

Thereafter, a second metal interconnect layer is deposited on top of the 
third isolating layer 33. The second metal interconnect layer fills the spacing 

10 on top of the separated pillars. The capacitor device then looks as depicted in 
fig. 8. This process may be repeated until the desired size of the capacitor is 
obtained. During this process, also electrodes connecting the first conductors or 
the second conductors to a voltage source are provided. After addition of a 
layer, the device may be planarised using chemical mechanical polishing. 

15 It should be noted that after reading the above, several modifications 

should be apparent to the person skilled in the arts. Especially, it should be 
apparent that the conductors may be oriented in a non-parallel way with 
respect to each other. Also, a capacitor according to the invention may 
comprise one or more conductors with surfaces substantially parallel to the 

20 substrate surface. Furthermore, it should be apparent that each layer may be 
made of different materials, for example if the first metal interconnect layer is 
of copper and the second interconnect layer of aluminium, the first conductor 
and/or the second conductor may be made out of both materials. Also, it should 
be apparent that the conductors may be made of any conducting material, such 

25 as a conducting plastic, a carbon-base conductor or a superconducting 

material, such as NbTiN. Also, the conductors may be made of a semiconductor 
material such as Si, optionally doped with some dopant such as boron. 
Likewise, the intermediate space may be empty or filled with any suitable 
material, such as undoped Si, Silicon Oxide, Air or otherwise. Furthermore, 

30 the conductors and the intermediate space may have any suitable shape, such 
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as curved, trapezoid or otherwise . Also, a capacitor device according to the 
invention may be manufactured in any type of process, such as CMOS, 
BiCMOS, SiGe, GaAs or otherwise. 
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Claims 

1. A capacitor device formed on a substrate (1), comprising: 

at least one first conductor (21-25) with a first capacitor surface (210); 
5 at least one second conductor (26-29) with a second capacitor surface (260), 
which first and second capacitor surface face each other and are positioned at a 
distance with respect to each other and which first and second capacitor 
surfaces are electrically isolated from each other, and wherein 
at least one of the capacitor surfaces mainly extend in a direction non-parallel 
10 to a substrate surface (11). 

2. A capacitor device as claimed in claim 1, wherein 

at least one of said first and second conductor surfaces (210,260) extends in a 
substantially perpendicular direction with respect to said substrate surface 
15 (11). 

3. A capacitor device as claimed in claim 1 or 2, wherein 

said at least one first conductor (21-25) and said at least one second conductor 
(26-29) contain a metal. 

20 

4. A capacitor device as claimed in any one of the preceding claims, 
wherein an intermediate space (3) between the first and second capacitor 
surface is filled with a material containing silicon-oxide. 

25 5. A capacitor device as claimed in claim 1 or 2, wherein 

said at least one first conductor (21-25), said at least one second conductor (26- 
29) and an intermediate space (3) between the first and second capacitor 
surface contain silicon. 

30 6. A capacitor device as claimed in claim 5, wherein 
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the silicon in said at least one first conductor (21-25) and said at least one 
second conductor (26-29) differs from the silicon of said intermediate space (3) 
by a doping of the silicon. 

5 7. A capacitor device as claimed in any one of the preceding claims, 
wherein 

said at least one first conductor (21-25) and said at least one second conductor 
(26-29) extend through at least two interconnect layers (211-214) of a chip. 

10 8. A capacitor device as claimed in any one of the preceding claims, 

including a multiple of first conductors (21-25) and second conductors (26-29). 

9. A capacitor device as claimed in claim 8, at least including: 

at least a first comb-like structure (40, 21-25) comprising said first conductors 
15 (21-25) connected at one side to each other via a first connecting electrode (40), 
at least one second comb-like structure (41, 26-29) comprising said second 
conductors (26-29) connected at one side to each other via a second connecting 
electrode (41), and 

in which capacitor at least one of said second conductors extends at least 
20 partially between at least two of said first conductors. 

10. A capacitor device as claimed in any one of the preceding claims, 
wherein said first and second conductor surface (210,260) are substantially 
parallel to each other. 

25 

11. A capacitor device as claimed in any one of the claims 1-9, wherein said 
first and second capacitor surface (210,260) are positioned in non-parallel with 
respect to each other 



WO 03/103029 



PCTVNL02/00358 



-14- 

12. A capacitor device as claimed in any one of the preceding claims, 
wherein at least one of the at least one first conductor and the at least one 
second conductor has a tapered shape. 

13. An integrated circuit comprising a number of electrical components, said 
electrical components including at least one capacitor device as claimed in any 
one of the preceding claims. 

14. A method for manufacturing a capacitor device in an integrated circuit 
on a substrate comprising: 

depositing on the substrate at least one layer of conducting material 
depositing on the substrate at least one layer of isolating material, 
whereby at least one first conductor (21-25) with a first capacitor surface (210); 
at least one second conductor (26-29) with a second capacitor surface (260) are 
formed, which first and second capacitor surface face each other, and 
whereby an intermediate space (3) is formed between the first and second 
capacitor surface which separates said first conductor and said second 
conductor, said intermediate space having a lower electrical conductivity than 
said first conductor and said second conductor, 
and whereby 

at least one of the capacitor surfaces mainly extends in a direction non-parallel 
to a substrate surface (11). 

15. A method as claimed in claim 14, wherein at least one of said at least 
one layers of conducting material is also used to form interconnects in the 
integrated circuit. 
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